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As a result, the particles in these bunchase different
closedorbits [3] and differentbeam-beantune shifts [4]than
“Factory™like €*-e~ colliders presently under design or those in typical bunches. Thipacmantune spread”implies
constructionachieve high luminosity by resorting tdarge that a working point that may beppropriate for typical
numbers ofclosely-spacedbunches. The short bundpacing bunchesmight not begood forthe pacman buncheand vice
implies that there are unavoidable parasitic collisions (PCs)vitsa. In this note we show how tmmpensatethis tune
the neighborhood of the interaction point (IP). Sincetthiech  spread for both beams in first order approximation by tailoring

Abstract

population of the beam is not unifordue to anintentional

ion-clearinggap, the bunches at theead ortail of the train

(“pacman bunches”) experience different beam-baame shifts
than thoseaway from the edges (“typical bunches”). We
presenthere a method tminimize the vertical tunspread at
the expense of increasinghe horizontal tunespread (we
assume thathere isonly one IP). Since thébeam-beam

dynamics forflat beams typically tolerates a significantlfase. This increase, however, is not expected to be detrimental,

higher horizontal tunspreadthan a vertical tunepread,this
method implies a neddvantage. We preseotir discussion in
the context of the PEP-II collider.

|. INTRODUCTION

The PEP-lIdesign [1] calls for head-oncollisions with
magnetic separation in the horizontal plambis separation
scheme entailsinavoidablePCs nearthe IP whoseeffects on
the beam-beam dynamics have bestndied quiteextensively
[1,2]. Thedesignalso calls for an ion-clearing gaguivalent
to ~5% of the total beam length. The gaps in the lb&ams
have the same lengtind arepositioned such thateadbunch
in one beam collides at the IP with the head bunch obtimer
beam (the two beams have the same bunch spanthgverall
length).

The interaction region (IR) is such that a typitainch
experiences four PCs on eithede ofthe IP (for atotal of 9
collisions). On the othenand,the pacman bunches (those
the head ortail of the train) do notexperienceall the
collisions, as sketched in Fig. 1.
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Fig. 1. Sketch of the collisioschedule.The dashed
lines indicate the location of the Bhdfirst PC. Bunch
#1 is at the head of the train in its respective beam.
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the bunch currents. Thdifference in sign and magnitude
betweenthe verticaland horizontal beam-beam parameters at
the PCsmakes it impossible tocompensate vertical and
horizontal tunespreadssimultaneously. In ouparticular case,
we choose to compensate the vertical tspieadswhich are
larger than the horizontal. As a result, the horizontahe
spread isncreasedelative tothe nominal(even-bunch-current)

as explained below.

II. COMPENSATIONPRINCIPLE

Let us consider only one PC on either side of the IP, as we

will in the case of PEP-II (our analysis iextended in a
straightforwardfashion to thecasewith more PCs). As a
result, there is only one pacman bunch athéad ofthe train
and one at the tail.

Let us focus on the vertical turghift of the positron
beam. Neglecting theynamical betaunction effect [4], the
vertical tune experienced by a positron at¢kater of a bunch
is (refer to Fig. 1)

Vyo = VD + &) + 2857 (typical bunch)
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Similar expressions apply to theectronbeam,and to the

@)

(pacman bunch)

a?orizontal counterparts dgfoth beamsHere v is the lattice

bare) tune and th&s are the beam-beatune shifts at the IP
and the PC. The absolutedifference between these two
equations isthe vertical “pacman tune spread” for the

positrons, namely

Avy, Eypf @
It is this tunespread (andts counterpart inthe opposing
beam) that we show here how to eliminate.
Let N,_ be the number of particles in electron buncnd
d be the separatiobetweenthe beams at th€C. Then the
well-known expressions for the vertidadam-beam parameters
of the positron bunch are written as

b,N,_ 3)

&g+ =N, and &07 =

where, using standard notation,
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The schedule of the collisions is shown in Fig. 1. Mheel
the bunches so that #1 is at thead ofthe train in both
beams. Thus weeethat bunch #lexperienceonly one PC
with bunch #2 in the opposing beam,addition tothe main
collision at the IP. From Fig. 1 wean readoff the beam-
beam parameter for each bunch as follows:

Syr = AN +b N,
$oyr =4, Ny_ + b, (Ny- +Nj_) ®)
$ayr =, Ng_ + b+(N2— + N4—)

where we assume that the bunch sizeando, remain at their
nominal valuesundercolliding conditions. If we nowequate
all beam-beam parameters tfreir nominal valugi.e., in the
absence of any beam gap), we obtain
a,Ny_ +b,N,_ =(a, +2b, )N
@N2_+b+(N1_+N3_):(a+2b+)N_ ©6)
a,N3_ +Db, (No +N,_) =(a, +2b, )N_

whereN_ is the nominal number of electropsr bunch. Thus
we obtain the matrix equation

0l & 0 0 -0 0

0 0

o1& 0 g da
00 e 1 & -0y O=(1+26)00 (7)

B o 1 J T

oy £ . 4O L

B B==Hl= BH

where we have defined

Yo- =Ny-/N_ and €, =b,/a, (8)

From Eqg. (2) and Table 1 we st the nominalertical
pacmantune spread ofthe positron beam i9.004, which is
~14% of the main beam-beam parameter at the IP, i.e.,

£,=&, [E). =014 (10)

Thus Eqg. (9) says that, in order to compensaite tunespread
we mustincreasethe number of particles in the firahd last
bunches of thelectrontrain by 14% relative to the nominal
value, and decreasthe number of particles in theecond and
next-to-last bunch by 2% relative to the nominal valligese
numbersarewithin the precisionreachwith which thelinac
can inject beam [1].

Table 1. Selected PEP-II parameters.

LEB (¢} HEB (&)
E [GeV] 3.1 9.0
N 5.63x10™ 2.59x10%
By [m] 0.375 0.50
O
By [m] 0.015 0.02
PC
By~ [m] 1.433 1.293
PC
By~ [m] 26.46 19.85
oy [um] 152 152
oy [um] 6.1 6.1
O
¢y 0.03 0.03
O
Sy 0.03 0.03
PC
&y —0.00022 -0.00015
PC
Sy 0.0041 0.0023
d [mm] 3.5

A calculation for theelectron beam yields aimilar
solution, obtained from Eq. (9) by replacirg~ —. Because

Eg. (7) has as many entries as there are bunches in the thg@irpeanmenergies inPEP-Il are sufficiently high, thebeam-

(1658 in thecase ofPEP-II). The solution issymmetrical

beam parameter inone beamdoes not depend onits own

about themiddle bunchand is readily found in perturbation charge; therefore the positron and electron paduna@spreads

theory,

©)
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where... represents in all entries terms®¢e) or higher.

V. APPLICATION TOPEP-IIAND DISCUSSION

Let us apply our analysis to tlwase ofPEP-II [1], whose
basic parameters are listed in Tabl¢LEB=low-energybeam,

HEB=high-energy beam). Thaptics in the IR is symmetrical
about the IP and is such that the 1st PC at either side of th

is much stronger than the others. fe thereforgustified in
neglecting all other PCs.

can be compensateiimultaneously. FronTable 1 we obtain
£_=0.08, which implies that the number of positrons in the
first andlast bunches of the traimust beincreased by 8%
relative to the nominal value, while the number of positrons
in the second andext-to-last bunchemust bedecreased by
0.6% relative to the nominal value.

If we were to carryout the same calculatiofor the
horizontal tunespreads wewould obtain &, =-0.0075 and
&_=-0.005. Since bothmagnitudeand sign are different
from the solutions presented above for the vertical tpread,
it is obvious that one cannot simultaneoustynpensate for
the vertical and horizontal tune spreads.

As a corollary we conclude that, if we choose to

coI pensate the vertical turgpreads,the horizontal tune

gp eads become larger théoeir nominal values. For the LEB

we obtain



Av :|f _ | bunches havslightly larger chargehan the typical bunches.
xr TR B The compensationan becarried out simultaneously in both
= ‘(1+ g+)fE+ +(1_ gf)g)f’f - §E+ _zg)f’f (11) beams but not in both planes. In facgemeric feature of the
method is a trading off ofhe vertical tunespreadfor the
e,,EEL horizontal. Thus if the vertical tune spread is compensated, the
horizontal tune spread becomes roughly equal to the
which evaluates te-0.004. Thecorresponding calculation foryncompensated verticaine spread,which is typically larger
the horizontapacmantune spread ofthe HEB yields ~0.002. than its nominal value.However, the horizontalbeam
These numberare a factor-15-20larger than their nominal dynamics ismuch more tolerant than the vertical, so tune
values (see Eqg. (2)) and, in fact, are equal taitfeompensated spreads of this magnitude shouldt causeany problems, and
vertical tune spreads.Thus we can say that ourmethod the methodhereforeimplies a netadvantage. We beliewbat
transfers the pacman tune spread from the vertical plane totfitebeneficial trade-off is a generic feature of Baams. Thus
horizontal. However, for PEP-Il, the horizontal beam gyr technique seems unlikely to be applicableoind beams,

dynamics ismuch less sensitive than the vertical leam- such as those encountered in multibunch proton colliders.
beam parameterstrengths of the same magnitude for an

extendedregion of the tune plane [2[Therefore, transferring VI. ACKNOWLEDGMENTS
the tunespreadfrom the vertical plane to the horizontal
implies a net advantage.

In the moregeneral case, when theage more than two VIl. REFERENCES
PCs, the methodgeneralizes in a straightforwafdshion. If
there are altogethern PCs, and if the beam orbitsare not
symmetrical about the IFEq. (6)will couple thecurrents of
n+1 bunches in the opposing beam, there willnbdifferent &
parameters in Eq(7), andthe matrix will have n secondary
diagonals. If all thee parameters aremall, as is likely to be
the case in any realistic IR design, the solution can be foun
perturbation theory.

The increase inthe bunchcurrent forthe pacman bunches
will affect their closedorbit distortion [3]. Here, again, the
effects are quite small. In the nominabn-compensated) case
the closed orbits of the pacman bunchesare displaced
horizontally from the optical IP by ~5m. However, formost
values of the horizontal tune, both thEB andHEB pacman
bunches are displacéd the sameside of the optical IP. As a
result, therelative displacement atheir centers is ~1-Zum,
which is verysmall compared tothe horizontal beansize
o, =152 um. |If the vertical pacman tune spread is
compensated as discussalove, the relativelisplacement of
the pacman bunclcenters atthe collision point will not
increase bymore than ~20% from the nominal value €f-2
pum quoted above, and therefore will remain small.

The tailored beam currewill also have aneffect on the
induced transient voltages on the RF cavitiemyd on the
stability of thecoherent dipole mode d¢he beams. Thédeal
case, in whichthere is no beam gandall buncheshave the
same charge is, of course, the simplest. We dexpect that
the beam-beaminteraction will drive a coherent dipole
instability for any reasonable value of the tune. @ksign of
the RF system does take into account the gap. Alththege
issues remain to bevaluated indetail, we believe that an
increase of ~14% ithe current ofthe first and last bunches
should not entail serious difficulties, if any.
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V. CONCLUSIONS

We havepresented anethod for the compensation of the
vertical pacman tune spread in PEP-Il. The mettatsists in
tailoring the beanturrent in such a way that thgpacman
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